






DERXW WKH ODQJXDJH IHDWXUHV LV JLYHQ WKH RUJDQLVDWLRQ EHKLQG WKH ODQJXDJH GHYHORSPHQW DYDLODEOH
0RGHOLFDOLEUDULHVDQG0RGHOLFDVLPXODWLRQHQYLURQPHQWVWKHUHFHQWILUVWZRUNVKRSDERXW0RGHOLFD
DQG WKH (83URMHFW 5HDO6LP WR HQKDQFH KDUGZDUHLQWKHORRS VLPXODWLRQ DQG GHVLJQ RSWLPL]DWLRQ
WHFKQLTXHVRQWKHEDVLVRI0RGHOLFD
0RGHOLFD$Q2YHUYLHZ
0RGHOLFD LV D IUHHO\ DYDLODEOH REMHFWRULHQWHG ODQJXDJH IRU PRGHOLQJ RI ODUJH FRPSOH[ DQG
KHWHURJHQHRXV SK\VLFDO V\VWHPV ,W LV VXLWHG IRU PXOWLGRPDLQ PRGHOLQJ IRU H[DPSOH PHFKDWURQLF
PRGHOVLQURERWLFVDXWRPRWLYHDQGDHURVSDFHDSSOLFDWLRQVLQYROYLQJPHFKDQLFDOHOHFWULFDOK\GUDXOLF






0RGHOV LQ0RGHOLFD DUHPDWKHPDWLFDOO\ GHVFULEHG E\GLIIHUHQWLDO DOJHEUDLF DQGGLVFUHWH HTXDWLRQV
1RSDUWLFXODUYDULDEOHQHHGVWREHVROYHGIRUPDQXDOO\$0RGHOLFDWRROZLOOKDYHHQRXJKLQIRUPDWLRQ
WRGHFLGHWKDWDXWRPDWLFDOO\0RGHOLFDLVGHVLJQHGVXFKWKDWDYDLODEOHVSHFLDOL]HGDOJRULWKPVFDQEH
XWLOL]HG WR HQDEOH HIILFLHQWKDQGOLQJRI ODUJHPRGHOVKDYLQJPRUH WKDQKXQGUHG WKRXVDQG HTXDWLRQV
0RGHOLFDLVVXLWHGDQGXVHGIRUKDUGZDUHLQWKHORRSVLPXODWLRQVDQGIRUHPEHGGHGFRQWUROV\VWHPV
5HXVH LV D NH\ LVVXH IRU KDQGOLQJ FRPSOH[LW\ 7KHUH KDYH EHHQ VHYHUDO DWWHPSWV WR GHILQH REMHFW
RULHQWHGODQJXDJHVIRUSK\VLFDOPRGHOLQJ+RZHYHUWKHDELOLW\WRUHXVHDQGH[FKDQJHPRGHOVUHOLHVRQ
D VWDQGDUGL]HG IRUPDW ,W ZDV WKXV LPSRUWDQW WR EULQJ WKLV H[SHUWLVH WRJHWKHU WR XQLI\ FRQFHSWV DQG
QRWDWLRQV 7KH0RGHOLFD GHVLJQ HIIRUW ZDV LQLWLDWHG E\ +LOGLQJ (OPTYLVW DQG VWDUWHG LQ 6HSWHPEHU
ZLWKLQDQDFWLRQRIWKH(635,7SURMHFW6LPXODWLRQLQ(XURSH%DVLF5HVHDUFK:RUNLQJ*URXS
6L(:* 7KH ODQJXDJH KDV EHHQ GHVLJQHG E\ WKH GHYHORSHUV RI WKH REMHFWRULHQWHG PRGHOLQJ
ODQJXDJHV$OODQ’\PROD10)2EMHFW0DWK2PROD 6,’236 6PLOH XQG D QXPEHU RIPRGHOLQJ
SUDFWLWLRQHUVLQGLIIHUHQWGRPDLQV$IWHUWKUHHGD\PHHWLQJVGXULQJD\HDUSHULRGYHUVLRQRI
WKHODQJXDJHVSHFLILFDWLRQZDVILQLVKHGLQ’HFHPEHU7KLVLVWKHYHUVLRQFXUUHQWO\XVHGLQDFWXDO






,Q )HEUXDU\  D QRQSURILW QRQJRYHUQPHQWDO RUJDQL]DWLRQ ZDV IRXQGHG IRU WKH IXUWKHU
GHYHORSPHQWSURPRWLRQDQGDSSOLFDWLRQRI WKH0RGHOLFD ODQJXDJH7KHQDPHRI WKHRUJDQLVDWLRQ LV
0RGHOLFD $VVRFLDWLRQ 7KH DVVRFLDWLRQ KDV LWV VHDW LQ /LQN|SLQJ 6ZHGHQ DQG RZQV DQG
DGPLQLVWUDWHVLQFRUSRUHDOULJKWVUHODWHGWR0RGHOLFDLQFOXGLQJEXWQRWOLPLWHGWRWUDGHPDUNVVXFKDV
WKH0RGHOLFD WUDGHPDUN WKH0RGHOLFD /DQJXDJH 6SHFLILFDWLRQ0RGHOLFD 6WDQGDUG /LEUDULHV HWF









E\ HTXDWLRQV 0RGHOV RI VWDQGDUG FRPSRQHQWV DUH W\SLFDOO\ DYDLODEOH LQ PRGHO OLEUDULHV 8VLQJ D
JUDSKLFDOPRGHO HGLWRU DPRGHO FDQ EH GHILQHG E\ GUDZLQJ D FRPSRVLWLRQ GLDJUDP E\ SRVLWLRQLQJ
LFRQVWKDWUHSUHVHQWWKHPRGHOVRIWKHFRPSRQHQWVGUDZLQJFRQQHFWLRQVDQGJLYLQJSDUDPHWHUYDOXHV
LQ GLDORJXH ER[HV &RQVWUXFWV IRU LQFOXGLQJ JUDSKLFDO DQQRWDWLRQV LQ 0RGHOLFD PDNH LFRQV DQG






















$FRPSRQHQWPRGHOPD\EH D FRPSRVLWHPRGHO WR VXSSRUW KLHUDUFKLFDOPRGHOLQJ7KH FRPSRVLWLRQ
GLDJUDPRIWKHPRGHOFODVV0RWRULVVKRZQLQWKHQH[WILJXUH




W\SH$QJOH 5HDOTXDQWLW\ $QJOHXQLW UDGGLVSOD\8QLW GHJ
W\SH7RUTXH 5HDOTXDQWLW\ 7RUTXHXQLW 1P
ZKHUH5HDO LV D SUHGHILQHG W\SH ZKLFK KDV D VHW RI DWWULEXWHV VXFK DV QDPH RI TXDQWLW\ XQLW RI
PHDVXUH GHIDXOW GLVSOD\ XQLW IRU LQSXW DQG RXWSXWPLQLPXPPD[LPXP QRPLQDO DQG LQLWLDO YDOXH
7KH0RGHOLFD6WDQGDUG/LEUDU\ZKLFK LV DQ LQWULQVLFSDUW RI0RGHOLFD LQFOXGHV DERXW  RI VXFK
W\SHGHILQLWLRQVEDVHGRQ,62
&RQQHFWLRQV VSHFLI\ LQWHUDFWLRQV EHWZHHQ FRPSRQHQWV DQG DUH UHSUHVHQWHG JUDSKLFDOO\ DV OLQHV








WKH WZRSLQV VXFK WKDW WKH\ IRUPRQHQRGH7KLV LPSOLHV WZRHTXDWLRQV3LQY 3LQY DQG

















7KH HTXDWLRQV GHILQH FRPPRQ UHODWLRQV EHWZHHQ TXDQWLWLHV RI D VLPSOH HOHFWULFDO FRPSRQHQW 7KH











WKLV GRFXPHQWDWLRQ LQ VSHFLDO ZD\V 7KH NH\ZRUG SDUDPHWHU VSHFLILHV WKDW WKH TXDQWLW\ LV FRQVWDQW
GXULQJDVLPXODWLRQH[SHULPHQWEXWFDQFKDQJHYDOXHVEHWZHHQH[SHULPHQWV
7KH PRVW EDVLF 0RGHOLFD ODQJXDJH HOHPHQWV KDYH EHHQ SUHVHQWHG 0RGHOLFD DGGLWLRQDOO\ VXSSRUWV
DUUD\VXWLOL]LQJD0DWODE OLNH V\QWD[7KHHOHPHQWVRI DUUD\VPD\EHRI WKHEDVLFGDWD W\SHV 5HDO
,QWHJHU%RROHDQ6WULQJRULQJHQHUDOFRPSRQHQWPRGHOV7KLVDOORZVFRQYHQLHQWGHVULSWLRQRIVLPSOH
GLVFUHWL]HG SDUWLDO GLIIHUHQWLDO HTXDWLRQV $ XQLTXH IHDWXUH RI 0RGHOLFD LV WKH KDQGOLQJ RI
GLVFRQWLQXRXVDQGYDULDEOH VWUXFWXUHFRPSRQHQWV VXFKDV UHOD\V VZLWFKHVEHDULQJ IULFWLRQ FOXWFKHV
EUDNHV LPSDFW VDPSOHG GDWD V\VWHPV DXWRPDWLF JHDUER[HV HWF 0RGHOLFD KDV LQWURGXFHG VSHFLDO
ODQJXDJH FRQVWUXFWV DOORZLQJ D VLPXODWRU WR LQWURGXFH HIILFLHQW KDQGOLQJ RI HYHQWV QHHGHG LQ VXFK
FDVHV 6SHFLDO GHVLJQ HPSKDVLV ZDV JLYHQ WR V\QFKURQL]DWLRQ DQG SURSDJDWLRQ RI HYHQWV DQG WKH
SRVVLELOLW\WRILQGFRQVLVWHQWUHVWDUWLQJFRQGLWLRQV)LQDOO\DSRZHUIXOSDFNDJHFRQFHSWLVDYDLODEOHWR
VWUXFWXUH ODUJH PRGHO OLEUDULHV DQG WR ILQG D FRPSRQHQW LQ D ILOH V\VWHP JLYLQJ LWV KLHUDUFKLFDO
0RGHOLFDFODVVQDPH
0RGHOLFD/LEUDULHV
,Q RUGHU WKDW 0RGHOLFD LV XVHIXO IRU PRGHO H[FKDQJH LW LV LPSRUWDQW WKDW OLEUDULHV RI WKH PRVW
FRPPRQO\XVHGFRPSRQHQWVDUHDYDLODEOH UHDG\ WRXVHDQGVKDUDEOHEHWZHHQDSSOLFDWLRQV)RU WKLV
UHDVRQ WKH 0RGHOLFD $VVRFLDWLRQ GHYHORSV DQG PDLQWDLQV D JURZLQJ0RGHOLFD 6WDQGDUG /LEUDU\
)XUWKHUPRUHRWKHUSHRSOHDQGRUJDQL]DWLRQVDUHGHYHORSLQJIUHHDQGFRPPHUFLDO0RGHOLFD OLEUDULHV
)RUPRUHLQIRUPDWLRQDQGHVSHFLDOO\IRUGRZQORDGLQJWKHIUHHOLEUDULHVVHH














&RPSRQHQW OLEUDULHV DUH UHDOL]HG E\ VSHFLDOLVWV LQ WKH UHVSHFWLYH DUHD WDNLQJ DGYDQWDJH RI WKH QHZ




QHHGHG ZKLFK WUDQVIRUPV D 0RGHOLFD PRGHO LQWR D IRUP ZKLFK FDQ EH HIILFLHQWO\ VLPXODWHG LQ DQ
DSSURSULDWHVLPXODWLRQHQYLURQPHQW7KH0RGHOLFDODQJXDJHLWVHOILVDUHODWLYHO\VPDOOODQJXDJHVLQFH
WKHUH LV RQO\ RQH EDVLF VWUXFWXULQJ XQLW D FODVV DQG DOO RWKHU VWUXFWXULQJ XQLWV VXFK DV PRGHO

















RI NQRZOHGJH DQG LPSOHPHQWDWLRQ ZRUN )RU WKLV UHDVRQ FXUUHQWO\ QR IUHH 0RGHOLFD VLPXODWLRQ
HQYLURQPHQWLVDYDLODEOH
+RZHYHUVLQFH-XQHQHDUO\WKHFRPSOHWH0RGHOLFDODQJXDJHLVVXSSRUWHGE\WKHPRGHOLQJDQG
VLPXODWLRQ HQYLURQPHQW’\PROD’\PROD FRPPHUFLDOO\ DYDLODEOH VLQFH  KDV QRZ D0RGHOLFD
















$  KRXU WXWRULDO RQ 0RGHOLFD ZDV RUJDQL]HG IRU  SDULFLSDQWV 7ZR URRPV ZLWK  3&V ZHUH




0RVW RI WKH DERXW  SUHVHQWDWLRQV KDG D KLJK TXDOLW\ DQG DQ LPSUHVVLYH EUHDGWK LQ WKH ILHOG RI
PRGHOLQJ ZLWK 0RGHOLFD ZDV SUHVHQWHG VXFK DV PRGHOLQJ RI HOHFWURQLF V\VWHPV HOHFWULFDO SRZHU
V\VWHPV HOHFWULFDO PRWRUV K\GUDXOLF V\VWHPV WKHUPRK\GUDXOLF V\VWHPV YHKLFOH SRZHU WUDLQV IXHO








0K] 3& IRU WKH UHDOWLPH VLPXODWLRQ RI WKH IXOOPRGHO RI D URERWZLWK FRQWURO V\VWHP 




 HTXDWLRQV DQG DIWHU V\PEROLF SURFHVVLQJ ZLWK ’\PROD DERXW   QRQWULYLDO DOJHEUDLF
HTXDWLRQV DQG  VWDWHV 7KLV LV WKH UHVXOW RI D IHDVLELOLW\ VWXG\ DW )RUG0RWRU &RPSDQ\ WR
HYDOXDWH WKH SURSHUWLHV RI 0RGHOLFD DQG ’\PROD IRU GHWDLOHG YHKLFOH PRGHOLQJ ’ YHKLFOH
PHFKDQLFVHQJLQHDXWRPDWLFJHDUER[K\GUDXOLFVWRFRQWUROWKHJHDUER[



























WR FRQWULEXWH DUH HQFRXUDJHG DQG LQYLWHG WR SDUWLFLSDWH DW WKH GHVLJQ PHHWLQJV VHH WKH 0RGHOLFD
KRPHSDJHIRUGHWDLOVZKHUHDQGZKHQGHVLJQPHHWLQJVWDNHSODFH
